Virtual reality (VR) technologies have become increasingly available to clinicians and researchers. However, standardized 3D content, like scenes and objects, is not widely and freely available. We introduce OpenVirtualObjects; a free and open set of 124 realistic 3-D household objects for VR-based testing, training, diagnostics and rehabilitation. The objects were rated by 34 younger and 25 older adults for recognizability, familiarity, visual complexity, contact, and usage in daily life. Participants also categorized and named the objects. We describe the procedures of the object creation and validation and we provide descriptive statistics for each rated dimension.
I. INTRODUCTION
Diagnostic or therapeutic procedures devised in abstract laboratory settings often do not measure or improve impairments that are relevant in the daily life of patients. Technological advancement and decreasing prices, have made Virtual Reality (VR) technologies (e.g., immersive VR headsets like the Oculus Rift) more readily available to researchers and clinicians. With such setups, lab-based experiments can approximate real-world situations while maintaining full experimental control, which promises to bridge the gap between "in virtuo" testing and "in vivo" application. To assess the use of VR for research and clinical applications, systematic and controlled studies are necessary. One reason why it is still expensive and time-consuming to create suitable virtual environments and VR tools is that available 3D content (e.g., scenes and objects) is rarely free or useful for scientific purposes.
We introduce an open set of 124 realistic 3D household objects (see Fig. 1 ), rated by younger and older adults on recognizability, familiarity, visual complexity, contact, and usage in daily life. Also, the semantic category and name of each object together with certainty ratings for the given names were collected. The aim of this database is to allow researchers and clinicians to systematically select the objects that are most suitable for their experiments or applications.
All objects were chosen to realistically resemble objects that people encounter in their homes. This promises to decrease the distance between findings of VR-based experiments and the real world. Also, it provides clinicians with a tool to assess or train patients in more familiar or realistic environments and tasks [1] . Finally, we selected and created objects that belong to different semantic categories (e.g., tools, toys) to span a wider conceptual space.
Here, we describe how the objects were collected and how the ratings were collected. We also provide descriptive statistics for each of the dimensions and we specify an example use case, the immersive Virtual Memory Task (imVMT). 
II. METHOD

A. Participants
Thirty-four younger (19 females; mean age: 28; range 20-38 years) and 25 older adults (14 females; mean age 70; range 62-82 years) participated in the study. All participants were native speakers of German, right handed, and had normal or corrected-to-normal vision. They provided written informed consent and were paid for participation. Ethical approval was The goal was to create a homogenous looking set of objects (with less than 20,000 vertices each), so that differences in size and other salient features are kept to a minimum (see Fig. 1.) . The rating experiment was created in Unity 3D (Version 2017.4.5), exported as a Linux standalone build, and run on Ubuntu 18.04 operating system.
C. Procedure
Participants were seated 55 cm in front of a 22-inch computer screen (EIZO S2202W). The experiment consisted of five 'scenes' per object:
• Scene 1: A randomly selected object rotated on a table for 8 seconds.
• Scene 2: Participants rated, by means of a slider on the screen, how well they recognized the object (1 = not well; 100 = very well). Then they typed the name of the object and indicated how certain they were of the name (1 = not certain, 100 = very certain).
• Scene 3: Participants selected the most appropriate category for the object from ten categories; clothes; cosmetics, cutlery and dishes; decoration; food; office supplies; tools; toys; kitchen utensils, and unknown. They also rated how well the object fit the chosen category (1 = not at all; 100 = very well).
• Scene 4: participants rated how familiar the object was to them (1 = not familiar; 100 = very familiar) and how detailed (visually complex) it seemed to them (1 = not very detailed; 100 = very detailed).
• Scene 5: Participants rated how often they encounter the object at home ("contact") and how often they use the object at home (i.e. "usage"), also on scales from 1 (never) to 100 (very often).
Before the actual experiment, participants were presented with five practice scenes in which one object (that was not part of the experimental object selection) was rated. The objects were presented in four blocks of 31 objects each. Between each block, participants were asked to take a break for at least one minute and maximum five minutes. Fig. 2 the ratings for each dimension are displayed for the entire sample, the younger adults, and the older adults separately. Fig. 3 shows the distribution of objects over the different semantic categories. The category with the maximum count (for the entire sample) was selected as the semantic category.
III. RESULTS AND EXAMPLE CASE In
A selection of objects from OpenVirtualObjects was used in the self-developed imVMT. The imVMT is based on the Virtual Memory Task [2] , which itself is a computerized 2D version of a real-world task to assess visuo-spatial memory in patients and healthy participants [3] . In the imVMT, participants wear a VR head-mounted display and are placed in a virtual room. They have to remember the location of everyday objects on a table. After the memorization phase, objects are removed or shuffled and participants have to reconstruct the original arrangement.
By providing the OpenVirtualObjects database we hope to facilitate VR-based research and clinical applications. Easy and free availability of standardized and validated 3D objects may support systematic VR-based studies and it could increase the probability that lab-based procedures reflect or improve impairments in daily life. OpenVirtualObjects is still under construction, but the current collection of objects can be found here: https://osf.io/9uhsx/
